This paper describes a simple and highly selective method for separation, preconcentration and spectrophotometric determination of trace amounts of mercury. The method is based on the flotation of an ion-associate of HgI4 2-and ferroin between aqueous and n-heptane interface at pH 5. The ion-associate was then separated and dissolved in acetonitrile to measure its absorbance. Quantitative flotation of the ion-associate was achieved when the volume of the water sample containing Hg(II) was varied over 50 -800 ml. Beer's law was obeyed over the concentration range of 3.2 × 10 -8 -9.5 × 10 -7 mol l -1 with an apparent molar absorptivity of 1 × 10 6 l mol -1 cm -1 for a 500 ml aliquot of the water sample. The detection limit (n = 25) was 6.2 × 10 -9 mol l -1 , and the RSD (n = 5) for 3.19 × 10 -7 mol l -1 of Hg(II) was 1.9%. A notable advantage of the method is that the determination of Hg(II) is free from the interference of the almost all cations and anions found in the environmental and waste water samples. The determination of Hg(II) in tap, synthetic waste, and seawater samples was carried out by the present method and a well-established method of extraction with dithizone. The results were satisfactorily comparable so that the applicability of the proposed method was confirmed in encountering with real samples.
1
The lakes, rivers, and coastal waters in vicinity of industries that are utilizing mercury in production are essentially the important indicators of environmental pollution. Due to the highly toxic nature of this element in both its inorganic and organic forms, the determination of such low levels of mercury in an aquatic environment is of great importance. Most common techniques that have been reported for the determination of total mercury in natural samples include inductively coupled plasma mass spectrometry (ICP-MS), 2 inductively coupled plasma atomic emission spectrometry (ICP-AES), 3, 4 gas chromatography coupled to atomic absorption spectrometry (GC-AAS), [5] [6] [7] cold vapor atomic absorption spectrometry (CV-AAS), [8] [9] [10] [11] atomic fluorescence spectrometry (AFS), 12 anodic stripping voltammetry (ASV), 13, 14 and neutron activation analysis (NAA). 15 These techniques are very expensive and suffer from many complicated processing steps. These drawbacks may be partly avoided by the flotation-spectrophotometry, which allows one to preconcentrate the trace elements in various materials. [16] [17] [18] [19] [20] [21] [22] Recently, various procedures of this method have been applied for the determination of several metal ions considering their sparingly soluble ion-associates formed at the interface of aqueous/organic phases. [23] [24] [25] [26] [27] They are suitable to treat a large volume of the sample solution and to achieve a high preconcentration factor. In addition, the organic phase is usually not contaminated and can be used again without any pretreatment process. This paper deals with rapid separation, preconcentration and spectrophotometric determination of low level of mercury in aquatic samples by a simple flotation method in which the anionic mercury iodide complex is strongly associated with ferroin as a cationic dye reagent.
Experimental

Materials and instrumentation
All the reagents were analytical grade obtained from Merck, Germany. Double distilled water was used in all experiments. The stock solution of 1.6 × 10 -3 mol l -1 Hg(II) was prepared by dissolving an appropriate amount of Hg(NO3)2·H2O in 0.14 mol l -1 HNO3. The working solutions were prepared by dilution of this solution. The solution of 6.25 × 10 -3 mol l -1 ferroin was made by sequential stoichiometrically dissolving of 1,10-phenanthroline (phen) and FeSO4 in an appropriate amount of water and adjusting its pH to 5 by using a diluted acetate buffer solution.
A Shimadzu Model 160 A spectrophotometer was used for all absorbance measurements with a 10-mm quartz cell. A Corning Model 125 pH meter was used for pH measurements.
Procedure
To an aliquot of a solution (500 ml) containing up to 32 µg of Hg 2+ , 5 ml of 0.12 mol l -1 potassium iodide was added, and the pH was adjusted to 5 with the buffer solution. The solution was transferred to a 1000-ml separating funnel; then 2.5 ml ferroin and 40 ml n-heptane were added sequentially. The funnel was stoppered, vigorously shacken for 10 min, then left to rest for a few minutes. As soon as the floating layer had settled at the aqueous/organic interface, both the upper organic and lower aqueous layers were discarded by slowly opening the cock of the funnel. After removal of the layers, the floated ionassociate, which was completely adhering to the inner walls of the funnel, was dissolved in 5 ml acetonitrile and the absorbance of the solution was measured at 509 nm against a reagent blank.
Results and Discussion
The reaction between Fe 2+ and phen is a well-established process in which the resultant, a cationic dye reagent, Fe(phen)3
2+
, is thoroughly stable over a wide range of pH and is conventionally used for iron determination. 28 Similarly, the anion complex of HgI4 2-has a high stability constant in a weakly acidic medium. 29 These two cationic and anionic complexes associate to form an ion-associate with high stability, which can be floated at the interface of the aqueous and a low polarity organic phase, such as n-heptane.
Optimization
The effect of pH on the flotation process was investigated over the range of 4.00 to 8.00, just before the organic phase addition. As shown in Fig. 1 , the absorbance achieved a maximum at pH 5, therefore, this pH was chosen for future studies. Note that the absorbance decreases at the pH values other than 5 may be due to the instability that occurred for the ion-associate, which is subsequently attributed to the instability for ferroin and mercury iodide (HgI4 2-) complexes at low and high pH values, respectively.
The effect of iodide concentration on the formation of the ionassociate was studied in the range of 1.2 × 10 -4 to 7.2 × 10 -3 mol l -1 . Curve A in Fig. 2 , indicates that the maximum absorbance occurs at the concentrations of iodide above 1.2 × 10 -3 mol l -1 . Since, increasing of the concentration of Hg(II) ion requires greater amount of iodide, the concentration of 2.4 × 10 -3 mol l -1 was chosen for further investigations. Note that, due to the moderate tendency of the other halides to form the anionic complexes with Hg(II), if a considerable amount of such halides are present in the solution, the formation of HgI4 2-in the solution may be less than the expected value and, evidently, the flotation efficiency will be much decreased. Curve B in Fig. 2 , represents the absorbance variation relevant to the performance of the flotation process in the presence of 1.6 mol l -1 chloride, while the other conditions are similar to the previous investigations. As shown in Fig. 2 , to eliminate the interference from these ions, a higher concentration of iodide is requested.
The effect of ferroin concentration on flotation of the ionassociate was also studied over the concentration range of 3.12 × 10 -5 to 3.12 × 10 -4 mol l -1 in the solution. As shown in Fig. 3 , a maximum absorbance was obtained at a concentration of 6.25 × 10 -6 mol l -1 , where further examination was performed. Decreasing the absorbance at concentrations greater than 1.25 × 10 -5 mol 1 -1 of ferroin is probably due to increasing the ionassociate between iodide and ferroin in the blank. On the other hand, addition of an excess amount of ferroin causes the flotation process in the sample solution to delay. Since the proposed method should be applied to the real samples, all the experiments were repeated again in the presence of 1.6 mol l -1 chloride and 6 × 10 -3 mol l -1 iodide. With regards to that iodide at high concentration eliminated the interference from chloride presence at high concentration, it was not requested to a more or less concentration of ferroin.
Effect of the organic phase
Flotation of the ion-associate was investigated with several organic solvents. It was found that the absorbance depends on the solvent. For example, at the optimum conditions, the absorbance values for the flotation of 5 × 10 -7 mol l -1 Hg(II) with toluene, cyclohexane, n-hexane, and n-heptane were 0.328, 0.462, 0.400, and 0.486, respectively. In addition, more quick separation between the phases was observed using n-heptane. Thus, it was chosen for the further investigations.
Effect of volume of the aqueous and organic phases
The flotation process can be carried out quantitatively, when the volume of the aqueous solution containing Hg(II) was varied over 50 -800 ml. The reproducible results were obtained under the volume up to 500 ml; however, at higher volumes the reproducibility was diminished.
The volume of the organic phase for the accurate performance of the flotation process was also investigated and we found that a 500-ml aqueous phase requires 40 ml of n-heptane as the organic phase.
Conformity with Beer's law and figures of merit
Under the optimum conditions, a linear calibration curve was obtained for Hg(II) over the range of 3.2 × 10 -8 to 9.5 × 10 -7 mol l The apparent molar absorptivity at 509 nm was 1 × 10 6 l mol -1 cm -1 for a 500 ml aliquot of the aqueous phase and a path length of 1 cm. The RSD obtained for 3.19 × 10 -7 mol l -1 of Hg(II) was 1.9% and the detection limit is defined as the sample concentration giving a signal equal to the blank average signal (25 blank) plus three times the standard deviation of the blanks was found to be 6.2 × 10 -9 mol l -1 .
Effect of foreign ions
A 500 ml solution containing 32 µg of Hg(II) (3.19 × 10 -7 mol l -1 ) and various amounts of foreign ions were treated as described in the procedure. The results are given in Table 1 . It is observed that almost all of the cations and anions except Ag + , Cd 2+ , Fe 3+ , and Cu 2+ are tolerated at high concentrations. The interference of Ag + may be due to form a moderately stable anion complex with iodide, similar to Hg(II). In contrast, the interferences of Cd 2+ and Cu 2+ are attributed to more stable complexes with phen. In addition, it is assumed that the iodide ions could be oxidized by Fe 3+ ions if present at high concentration. The interference from Cd 2+ , Cu 2+ and Fe 3+ were sufficiently eliminated by 0.01 mol l -1 EDTA as a masking agent. The interference of Ag + is more serious than that of the other ions. Fortunately, the concentration of Ag + is very low in an ordinary real sample, and Ag + is not a serious interferent on the determination of Hg(II) in practical analysis of the real samples. 30 
Application to real samples
The proposed method was applied for the determination of Hg(II) in several water samples, including tap water, synthetic seawater 31 and synthetic wastewater. 27 Each of the samples were spiked with several known amounts of Hg(II). The recovery of the spiked Hg(II) was in the range of 93.4 -105.9%, which demonstrated that the proposed method is reliable (Table  2 ). In treatment with seawater, since the concentration of Cl -is very high, the iodide concentration was increased up to 5 times of the normal case as discussed earlier in the optimization part. The slopes of the calibration graphs prepared by the standard curve method for the water samples were found to be almost identical with that of the standard addition plot. Hence, the standard curve method was used in the determination of various samples.
The accuracy of the proposed method was checked by comparing the sample analysis results with those obtained by a well-established method, such as extraction-spectrophotometry with dithizone. 32 As detailed in Ref. 32, the mercury in a 500 ml water sample was extracted into a 25 ml aliquot of CHCl3-dithizone solution. The extraction was repeated three times and the total extracted solution was available for measurement of the absorbance. The analytical results for various samples are listed in Table 2 . The concentration of Hg(II) determined by the proposed method were in good agreement with those obtained by the dithizone method. The RSD of this method, when applied to the above samples was in the range of 1.9 to 2.5%, whereas the RSD of the dithizone method was in the range of 2.5 to 3.7%. These results showed the applicability of this method for the determination of µg l -1 level Hg(II) in various types of environmental water samples.
Conclusion
This method has good sensitivity and selectivity for the determination of trace amount of Hg(II) in various types of water samples. In comparison with the well-known dithizone extraction method that was time-consuming and tedious and used a harmful solvent, this method is free of those limitations. It is easier, fast, and starts from the organic phase that is not so toxic. In addition, the organic phase can be used repeatedly without any purification; hence, the method has no problem in view of the environmental pollution. The stability of the ferroin solution is infinitely longer than that of the dithizone solution. Therefore, the reproducibility is better than the dithizone method. Fig. 3 Effect of ferroin concentration on the determination of Hg(II) by the flotation method at the conditions where the pH of the solution was adjusted to 5.00, CKI = 1.2 × 10 -3 mol l -1 , and CHg = 4.5 × 10 -7 mol l -1 . 
